A well nourished adult dog can be maintained in nitrogen balance on a synthetic diet which pro-. vides 250 mg. of nitrogen as casein and 80 calories per Kg. body weight per day (1) . If the protein in this diet is replaced isocalorically with carbohydrate, the dog continues to lose nitrogen in the urine, although at a rate which becomes progressively less. By the sixth week of protein free diet the urinary nitrogen has fallen to about 60 mg. per Kg. per day, which appears to be an irreducible minimum. If the animal is still kept on a protein free diet it becomes weak, apathetic, anorexic and edematous; unless it is given protein within about a week of the onset of these signs it dies. If the refeeding of protein is delayed too long the dog may still die although it is retaining nitrogen, or it may recover after a "lag" period. This observation has led to the hypothesis that severe protein depletion may eventually damage the protein synthetic mechanisms and thus lead to an irreversible state of depletion (2, 3) . In many tropical countries an analogous state is found in human infants. When they are taken from the breast they are fed a diet relatively adequate in calories but very poor in protein and as a result develop the clinical syndrome of kwashiorkor (4) (5) (6) . A number of these children, on admission to hospital, fail to respond to protein and electrolyte repletion and die. The mortality rate in this unit is 20 per cent and the cause of death is not clearly defined. Other cases may show a "lag" period before they respond satisfactorily to treatment (6) .
The work reported in this paper is an attempt to produce protein depletion of known severity in dogs and to correlate with the degree of depletion some change in protein metabolism The dogs were kept on the protein free diet and reinjected with T-1824 and Sn-labeled methionine after intervals of three to 10 weeks; four dogs were injected a third time after a similar interval. In some cases depletion was accelerated by bleeding, but at least a week was allowed between the last bleeding and the time of injection to enable the protein pools to re-equilibrate.
Daily collections were made of urine for 21 days; the feces for each one week period were pooled and the nitrogen content of the collections determined. When depletion was hastened by bleeding, the N content of the blood removed was also measured. It was therefore possible to follow the cumulative loss of nitrogen on the protein free diet; this is also expressed in Table I as the percentage loss of the initial body nitrogen, on the assumption that the normal dog contains 25.6 Gm. N per Kg. body weight. The activity in 0.25 ml. samples of this solution was measured. The N content was determined by microKjeldahl and the results expressed as cpm per mg. of protein. These results represent the mixed proteins of plasma; no measurements were made on separated plasma protein fractions. Samples of the daily urine collections were counted but no counts were done on feces.
Radioactivity was measured with a gas flow counter, using 98.7 per cent helium and 1.3 per cent butane.
Samples were prepared, dried and counted in disposable stainless steel cups. The results have been corrected for background, radioactive decay and self-absorption and are calculated to a standard dosage of 4.0 X 10' cpm per Kg. body weight. When second and third injections were made, the residual activity in samples taken immediately before reinjection was subtracted from subsequent values. This residual activity was less than 10 per cent of the dose administered and its rate of change less than 10 per cent over the time period of study; it has therefore been treated as a constant.
The term "specific activity" has been used in the text to mean radioactivity (from S35) per mg. nitrogen.
Strictly this is incorrect, but provided the sulphur/nitrogen ratio in the protein is constant the figure given is proportional to the true specific activity.
RESULTS
The extent of the depletion Table I shows the estimated proportion of body N lost at various stages of depletion in relation to the loss of body weight. After 50 to 60 days on the protein free diet about 30 per cent of body N had been lost, whereas the weight fell by only 13 to 18 per cent. The discrepancy is presumably due to the accumulation of edema fluid (7), even though this could not be detected clinically, except in the very late stages. The distribution of the N loss between urine and feces is also shown in Table I .
Total circulating plasma protein
In four dogs successive measurements were made of plasma volume and plasma protein concentration, from which could be calculated the total amount of plasma protein in the intravascular compartment (Table II) . It appears that in the later stages of depletion there is a rapid reduction in the amount of circulating protein, which outstrips the loss of total body N. This fits in with the clinical impression that in kwashiorkor the fall in plasma protein concentration is a late event in the development of the disease.
Disappearance of nonprotein-bound activity from plasma
The mean values and ranges for the samples taken up to eight hours after injection are shown in Figure 1 more rapid in the depleted dogs, but the numbers are too few for the differences to be established with certainty. The specific activity (cpm per mg. N) of urine appears to reflect fairly closely that of plasma protein (Table III) .
DISCUSSION
The striking difference between depleted and normal dogs is the increase in plasma protein specific activity as depletion progresses (Table II , Column 9). The higher specific activity can result from two factors: a reduction in size of the plasma protein pool, or a larger proportion of labeled molecules entering the pool. The first factor undoubtedly operates in depleted dogs; Table  II , Column 7, shows that when 30 per cent of body N has been lost the circulating plasma protein falls to about half the normal amount. This, however, is not enough by itself to explain the increased specific activity of the plasma proteins, since Column 10 of Table II shows that in depleted dogs a larger proportion of the radioactivity was incorporated in plasma protein. The proportion is greatest when about 25 per cent of body N has been lost and thereafter appears to decrease again. Thus, if the proportion of dose incorporated in intravascular plasma protein in normal dogs is taken as unity, the four dogs in which measurements were repeated incorporated 1.60 times as much in moderate depletion and 1.44 times as much in severe depletion.
Yuile, Lucas, Neubecker and Whipple (8) reported that in dogs depleted by plasmapheresis as well as by a low protein diet the reduction in the extravascular extracellular protein pool was much greater than the reduction in circulating plasma protein. Their method of calculating the extravascular pool size is not given in detail. In the present experiments the size of this pool was not measured. However, it does not seem possible that a disproportionate reduction in the extravascular pool could account for the increased specific activity of the intravascular protein at six to eight hours after injection (Table II) since from the available data it probably takes at least two days for the two pools to reach equilibrium (9, 10) .
Intravascular plasma protein is the only protein pool which can be quantitatively measured. The plasma volume, plasma protein concentration and plasma protein specific activity can all be measured and hence the absolute quantity of radioactivity in intravascular protein can be calculated and expressed as a percentage of the administered dose. The result of this calculation is shown in Column 10 of Table II for the four dogs which were injected three times at varying stages of depletion. In the normal dogs an average of 4.5 per cent of the injected dose is accounted for by intravascular protein; the averages on the second and third in-HOURS.
FIG. 2. PLASMA PROTEIN ACTIVITY IN DOGS GIVEN DL-S35-METHIONINE INTRAVENOUSLY
Curve N.E. shows average values for two dogs in nitrogen equilibrium and Curve P.F.D. for two on protein free diet. The remaining curves are for dogs on protein free diet. The percentage of total body protein by which the dog had been depleted is shown to the right of each curve.
HOURS.
FIG. 3. PLASMA PROTEIN ACTIVITY IN DOGS GIVEN L-S'-METHIONINE INTRAVENOUSLY
Curves are labeled as in Figure 2 . The mark + indicates that these dogs died eight days after injection. jections are 7.2 per cent and 6.5 per cent, respectively. It appears that with depletion an increasing proportion of the dose goes into intravascular protein, and that this effect is due to a change in the distribution of synthesis and not merely to an alteration in pool sizes, for the reason given above.
Something of the behavior of the remainder of the radioactive dose can be inferred from a consideration of the excretion of nitrogen and radioactivity in the urine and from the decrease in activity of the plasma protein.
In the present experiments the values for apparent plasma protein half-life (Table II) diet the excretion of nitrogen in the urine decreased, while the excretion of radioactivity tended slightly to increase (Figures 4 and 5 ).
Data concerning six of the dogs on the seventh day after their injections are summarized in Table  III . For purposes of the following discussion it is assumed that: a) The exchange of free with protein-bound methionine is complete by the seventh day after injection; b) Any labeled sulfur not excreted in the urine by the seventh day has been incorporated in protein; and c) The behavior of methionine is typical of all amino acids.
The specific activities of urine and plasma protein are remarkably similar and both increase greatly with depletion. However, that this cannot be true of the great majority of body protein is shown by the last column in Table III , the "average activity." This figure is obtained by dividing the total radioactivity (cpm) remaining on the seventh day by the total body nitrogen on that day (mg.) and it would therefore be the specific activity of any protein sample from that dog if all the protein were equally labeled at that time. In the normal dog the urine, plasma protein and "average" activities are not greatly different (Table III) . In the depleted dog the urine and plasma specific activities are two or three times greater than the "average," so there must necessarily be some protein of less than average activity.
No doubt the various body proteins have a continuous spectrum of activities from high to low, but it is convenient to group them into a high or low activity pool. Since the urine of the depleted dog shows a high specific activity the urinary nitrogen must have been derived from the breakdown of a high activity protein pool. The plasma protein pool itself is too small to supply the excreted nitrogen. Even Clearly this implies that the activity of the low pool must be considerably lower than the "average activity" and relatively little of the urinary nitrogen can be derived from catabolism of this low activity pool; otherwise, by dilution, the specific activity of the urine would be reduced.
Some animal experiments support the idea that there is an alteration in the distribution of protein metabolism with depletion. Waterlow (13) has found that protein-depleted rats incorporate a greater proportion of labeled methionine in visceral protein and a smaller proportion in carcass protein (muscle, skin and bone) than do normally fed rats. A similar difference is found between rats having 15 per cent or 30 per cent of casein in the diet (14) .
During protein depletion two related types of change are taking place in the animal. The first is the sacrifice of protein from body tissues. There is information from many sources that this affects different organs and tissues to different extents and that the distribution of depletion varies with the duration of protein lack. Liver 'protein bears the greater part of the loss at first (14) (15) (16) (17) . Some plasma protein is also sacrificed, the albumin more rapidly than the globulin fractions (7) . When these "labile" stores are exhausted the loss is borne by the large mass of protein of slower turnover, which is used to maintain plasma protein (18) . Changes of this kind are detectable by measurements of the protein contents of organs and represent an anatomical redistribution of protein.
The second type of change is physiological and is detectable only by tracer studies in the intact animal. Just as the site of protein destruction changes with progressive depletion, so does the distribution of protein synthesis. From the present results we may think of the protein-deprived animal drawing in its metabolic frontiers and concentrating its synthetic resources on a diminishing proportion of its protein mass, which presumably is the most important for its survival. There is some indication that this compensatory mechanism tends to break down as depletion progresses. The proportion of labeled amino acid incorporated into plasma protein was slightly less in severe than in moderate depletion. It is perhaps significant that the loss of plasma protein (13.9 per cent) is approximately proportional to that of whole body protein (12.5 per cent) in the first month or so of protein deprivation, but in the second month the plasma protein loss is much greater (51.1 per cent against 31.7 per cent; average figures from Table II, Column 6).
Whipple, Miller and Robscheit-Robbins have shown that in very severe depletion the raiding of tissue protein decreases, and have suggested that this is due to loss of cell enzymes (18) . This enzyme loss has been demonstrated in proteindepleted animals and in malnourished children (19, 20) . The fact that death may occur in a depleted animal even when it is being re-fed and is apparently retaining nitrogen (2, 3, 6, 18) indicates that protein loss alone is not the cause of death. Some damage to the metabolic machinery must occur and this damage is not detectable by gross nitrogen balance studies. It is suggested that the concept of protein depletion is incomplete if it is based only on the consideration of the state of the protein stores. The redistribution of protein metabolism, as revealed by tracer studies, may be physiologically a more important factor. SUM MARY 1. S35-labeled methionine was injected into normal and protein-depleted dogs. The degree of depletion was calculated from the cumulative negative nitrogen ,balance on a protein free diet.
2. The activity of the mixed plasma proteins was measured for eight days after injection and the activity of the urine for 21 days.
3. In both normal and depleted dogs the peak plasma protein activity was reached at about six hours after injection. Depletion did not alter the apparent half-life of the plasma proteins.
4. With increasing depletion, up to a loss of some 25 per cent of body N, there was a marked increase in peak specific activity of the plasma proteins (cpm per mg. N). With greater degrees of depletion this trend tended to be reversed.
5. The increased specific activity of the plasma proteins in depleted dogs can be explained partly, but not entirely, by a reduction in the size of the circulating protein pool. Even when this is taken into account, it is shown that a larger proportion of the injected dose is incorporated in plasma protein in the depleted than in the normal animal.
6. The reasons for this are discussed: It is suggested that the effect represents a concentration of protein synthesis in the more essential organs, at the expense of the less essential, such as muscle. In the most advanced stages of protein depletion this compensatory mechanism may break down.
